We study theoretically the baryon spectra in terms of a deformed oscillator quark (DOQ) model. This model is motivated by confinement of quarks and chiral symmetry breaking, which are the most important non-perturbative phenomena of QCD. The minimization of the DOQ hamiltonian with respect to the deformation for each principal quantum number results in deformations for the intrinsic states of excited baryonic states.
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It is very important to understand the structure of hadrons for the full understanding of the quark nuclear physics, which is governed by the QCD dynamics. QCD is a non-abelian gauge theory and exhibits many interesting non-perturbative phenomena. Although quarks and gluons are the fundamental degrees of freedom in the QCD lagrangian, they are confined in hadrons. At the same time, chiral symmetry is spontaneously broken in the hadronic phase, which provides the constituent masses to the quarks inside hadrons.
These non-perturbative properties in turn play a crucial role in hadron structures and their interactions.
The direct theoretical study of QCD for the baryon spectra including excited baryons in terms of lattice QCD seems difficult at present and therefore we want to learn the physics of strong interaction from the nature. In this respect, there was an interesting suggestion made a decade ago in the baryon spectra [1] . The observation of the nucleon, delta and lambda excitation spectra motivated a theoretical description, where the ground state baryons such as the nucleon are spherical, but the excited baryons such as the Roper are deformed. The use of the SU(3) version of the interacting boson model, in which the Roper is identified as the band head of the rotational band, provides spectra in good agreement with experiment. The same observation was made by Bhaduri and his collaborators [2] .
These works were performed almost decade ago. There is also an elaborated model as the non-relativistic quark model with various perturbative terms of Isgur and Karl [3] . The baryons as well as the meson spectra are discussed also in terms of the group theoretical model by Iachello and his collaborators [4] . Since the experimental facilities such as CEBAF, the GeV photon facility at SPring-8 and the storage ring LISS project at Indiana will provide variety of detailed data on the hadron spectra, we believe it important to point out the interesting regularity seen clearly in the baryon spectra [5] . The theoretical view on the non-perturbative phenomena are also advanced very much in these days due to the detailed study of the dual Ginzburg-Landau (DGL) theory [6] and the lattice gauge theory on the confinement and the chiral symmetry breaking mechanisms [7] .
Hence, the purpose of this paper is to introduce a model for baryons with a spatially deformed shape to describe the confinement for quarks with the constituent quark mass due to chiral symmetry breaking. The spatial deformation is implemented by a simple deformed harmonic oscillator potential, and therefore the model is referred to as the deformed oscillator quark (DOQ) model. The predictions of the DOQ model is then compared with existing experimental data.
To begin with, we discuss a possible scenario of connection of the DOQ model with QCD. The QCD lagrangian consists of quarks and gluons, which is written as [8] 
Here, ψ denotes the quark field with current masses m and A µ are the gluon fields. QCD provides confinement of quarks and chiral symmetry breaking as the most important nonperturbative phenomena for strong interactions. Although the explicit procedure is not yet known, we may construct the baryonic states using the concept of the mean field approximation on gluon fields, which leads to the baryon lagrangian for quarks as
Here, the masses M (Ā) of constituent quarks are acquired by spontaneous chiral symmetry breaking. The mean field,Ā, should be provided by knowing the quark configuration and its form may be highly complicated. The confinement of quarks is expressed in terms of φ(Ā), which is considered here as a scalar like function [9] . The constituent quark masses and the confinement potential are functions of the mean fields of the gluon fields,Ā , which are at the same time dependent on the quark wave function, ψ. The higher order terms may contain, for example, Goldstone boson exchange terms, perturbative gluon exchange terms and so on. We may be able to formulate this scenario in terms of the dual Ginzburg-Landau theory, which describes both confinement and chiral symmetry breaking through the QCD monopole fields and their condensation in the QCD vacuum [6] .
We take now the simplest possible form for the description of baryons in terms of constituent quarks, which realizes the above scenario. We assume that the constituent quark masses are large enough to take the non-relativistic quark model and the confinement potential is expressed in terms of a deformed harmonic oscillator potential. The hamiltonian is then written as
The oscillator parameters are assumed to satisfy the volume conservation condition,
to minimize the number of parameters. We may relax this condition as [10] . The quarks acquire the constituent masses due to chiral symmetry breaking, which justifies the use of the non-relativistic form of the kinetic energy. For simplicity, we do not include more terms as the pseudo-scalar degrees of freedom as naturally arisen as the Goldstone bosons of chiral symmetry breaking [7] .
We solve three valence quark systems with the removal of the center-of-mass coordinate,
where the intrinsic energy is expressed simply as
where
are the sum of the oscillator quanta of the intrinsic motion in the Jaccobi coordinates, λ and ρ. We then take the variation of the intrinsic energy (4) with
The results of this variation is summarized in Table 1 We have to perform the angular momentum projection when the intrinsic state is deformed. This projection can be done by using the Hill-Wheeler projection method [11] .
The excitation energy of a state of orbital angular momentum L is written as
E int is obtained by the minimization condition for each N . The moment of inertia I is calculated using the cranking formula [10] . L 2 is the average angular momentum of the intrinsic state. These quantities are tabulated in Table 1 .
Coupling the intrinsic spin S of three quarks with the orbital angular momentum L, take for example S = 1/2, we construct mass spectra for nucleon excited sates as shown If the fundamental structure of the excitation spectrum is produced by gluon dynamics through confinement and chiral symmetry breaking, we should see a similar pattern in other members of the spin-flavor group. For this purpose, we tabulate in Table 2 
Ground states
Because the three quarks are in the lowest S-state and form the symmetric spatial wave function, the possible spin-flavor states are 2 8 and 4 10. They form the 56 + dimensional representation. We do not discuss the mass differences within this multiplet, but rather the masses of the ground states are fixed as inputs on which excited states are constructed.
Although multiplets such as N ( 4 8), Λ( 2 1), Σ( 4 8), ∆( 2 10) are not allowed for the ground states (this is shown in Table 2 by the symbol −−), we keep those columns when the corresponding states exist in excited states. In the present study of excited baryons, we emphasize that most of the well observed states fit well to the predictions of the DOQ model. Furthermore, the rotation like structure seems to be rather universal in flavor SU(3), and therefore, it is strongly implied that the dynamics of excited baryons are dominantly flavor independent as provided by quark-gluon interactions.
In conclusion, we have studied the baryon spectra using the non-relativistic deformed oscillator quark model. We find that excited states of various spin-flavor multiplet are deformed. The comparison of the spectrum of the DOQ model with experimental data is very good. In order to establish the underling mechanism of the baryon spectra, we have to get more information experimentally as the higher spin states and gamma transitions.
Theoretically we have to calculate the gamma transitions to distinguish various models, which are being studied.
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